Dental caries and periodontitis, although generally not life threatening, are nevertheless of significant importance. An understanding of the molecular nature of these diseases could aid the development of novel methods of prevention and control, and increase our knowledge of their etiology. The identification of virulence factors in oral bacteria could lead to the development of vaccines directed against these organisms, the design of inhibitors of biofilm formation, and the development of replacement therapy strategies.
Two of the most common human diseases are the oral infections dental caries and periodontitis. Although neither disease is generally considered life threatening, both can be painful as well as costly. In addition, more recent evidence has suggested a potential role of periodontal infections in more serious systemic diseases including cardiovascular disease, respiratory infections, diabetes, and low-birth weight complications (Li et.al., 2000) . Although the application of good oral hygiene practices together with fluoridation is generally considered to be primarily responsible for the continuing decline in dental caries in industrialized countries, a significant proportion of the population still suffers from tooth decay. Therefore, a more thorough understanding of the molecular basis for these diseases should prove useful in diagnosing those at greatest risk for disease progression as well as perhaps providing novel preventative approaches. As with other infectious diseases, the application of molecular biological approaches has been crucial in increasing our understanding of the etiology of both caries and periodontitis.
Almost forty years ago it was recognized that the mutans streptococci, primarily Streptococcus mutans, played an important role in cariogenesis (Hamilton, 2000) . Biochemical approaches identified three important unique properties of these organisms which appear to be important in disease initiation: aciduricity, acidogenesis, and sucrosedependent colonization. Beginning with the pioneering work of R. Curtiss III's laboratory (Kuramitsu, 2000) , molecular genetic approaches have helped to characterize the virulence factors of the mutans streptococci. The identification of natural transformation in some, but not all, strains of S. mutans was soon exploited to construct monospecific mutants. These mutants implanted into caries-susceptible rodents proved invaluable in identifying virulence factors in these organisms. The rapid conversion of dietary sugars such as sucrose to lactic acid could be explained in terms of the multiple pathways which S. mutans strains express. Many of the genes involved have been isolated, characterized, and their regulatory mechanisms examined (Kuramitsu, 2000) . Likewise, several different genes which affect the aciduricity of these organisms have also been identified and it is likely that this property is influenced by multiple factors (Hamilton, 2000) .
Much attention has been focused on the mechanism by which S. mutans colonizes tooth surfaces. Both biochemical and genetic approaches suggest that this occurs via a two-step process: a sugar independent attachment to the tooth pellicle modulated by S. mutans adhesins, ionic or hydrophobic interactions, as well as impaction of the crevices on the tooth surface followed by a sucrose-dependent enhancement of tooth colonization. A number of laboratories have isolated and characterized the gene for an adhesin (termed SpaP, antigen I/II, Pac) which appears to modulate the initial attachment of S. mutans to saliva-coated tooth surfaces (Kuramitsu, 2000) . More recently, a spaP mutant has been demonstrated to be attenuated in smooth surface caries formation in rats (Crowley et.al., 1999) . Several laboratories have also isolated the multiple glucosyltransferases (gtf) genes of mutans streptococci involved in sucrose-dependent colonization. Mutants defective in each of the S. mutans gtf genes were also demonstrated to be attenuated in smooth surface caries formation in rats (Kuramitsu, 2000) . In addition, the identification and characterization of multiple glucan-binding proteins from these organisms has suggested a role for these proteins in sucrose-dependent tooth colonization (Kuramitsu, 2000) .
Inflammation of the periodontal tissue leading ultimately to alveolar bone loss appears to result from the combined action of a several gram-negative anaerobic bacteria (Grenier and Mayrand, 2000) . Although a number of bacteria which could contribute to periodontitis may yet remain to be identified, the utilization of DNA probes has implicated three organisms with chronic periodontal lesions: Porphyromonas gingivalis, Bacteroides forsythus, and Treponema denticola. In addition, Actinobacillus actinomycetemcomitans has been associated with a specialized form of periodontitis referred to as localized aggressive periodontitis. These organisms express a variety of potential virulence factors and are capable of inducing inflammatory reactions which are thought to be important in tissue destruction. In this regard, considerable interest has focused on the leukotoxin produced by A. actinomycetemcomitans and the gene for this virulence Virulence Properties of Oral Bacteria: Impact of Molecular Biology 36 Kuramitsu factor has been isolated and characterized. In addition, the tissue invasive properties of these organisms as well as P. gingivalis are under investigation using molecular genetic approaches (Lamont and Jenkinson, 2000) . P. gingivalis has also been extensively studied and both biochemical and genetic approaches have identified fimbrae and the gingipain proteinases as important virulence factors. The former has been implicated in P. gingivalis colonization of tooth surfaces, interaction with and invasion of host cells, as well as induction of alveolar bone loss. Furthermore, the construction of afimbriated mutants following inactivation of the fimA gene has also resulted in virulence attenuation in a rat model system. The proteinases of P. gingivalis have also been implicated in tissue destruction, increases in vascular permeability, avoidance of host immune mechanisms, as well as the dissolution of blood clots.
Although much less is known regarding the potential virulence factors of B. forsythus and T. denticola, the recent development of gene transfer systems for both organisms (Sharma, 2000; Li et.al., 1996) should help fill this void. Genes for chemotaxis, interaction with host tissue, as well as a major serine proteinase have been isolated from the oral spirochete (Fenno and McBride, 1998) . In addition, the recent sequencing of the genomes of A. actinomycetemcomitans, P. gingivalis and T. denticola in conjunction with gene expression technologies should enhance the identification of pathogenic factors in these organisms.
One important area of research to which oral microbiology can make major contributions is in our understanding of the molecular basis for biofilm formation (Marsh, 2000) . The relative advantage of investigating biofilm formation in situ in the oral cavities of humans or animals coupled with the availability of genetic systems to manipulate bacteria normally isolated from plaque biofilms, makes such studies readily feasible. Thus, the utilization of mutants, reporter gene fusions (including fluorescent constructs), differential display or DNA microchips in these systems should lead to significant increases in our understanding of the regulation of biofilm formation.
The results of molecular biological analyses may also suggest novel approaches for controlling oral infections. The identification of virulence factors in the etiologic bacteria could lead to the development of vaccines directed against these organisms, the design of inhibitors of biofilm (dental plaque) formation, as well as replacement therapy strategies (Kuramitsu, 1993) . Thus, the new millennium offers much promise for more effective preventive approaches against common dental infections based upon molecular analysis.
